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LITHIUM ION BATTERY AND LITHIUM POLYMER BATTERY USING NEGATIVE ELECTRODE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a negative 
electrode material capable of improving cycle 
characteristics by controlling the stress accompanying 
the storing-releasing reaction of lithium ion at charge 
and discharge, and capable of improving high rate charge 
and discharge characteristics by making lithium ion 
storing and releasing reaction accompanying charging 
and discharging smoothly proceed, and to provide a 
negative electrode using the negative electrode material, 
and further, a lithium ion battery and a lithium polymer 
battery capable of heightening the energy density of the 
battery. 

SOLUTION: The negative electrode material contains 
inorganic particles 1 1 containing at least one element 
chosen from Si, Ge, Mg, Sn, Pb, Ag, Al, Zn, Cd, Sb, Bi, In, 
Ca, Fe, Ni, Co, and Mn, and a carbon material 12. The 
carbon material has a carbon nanofiber 13 as a main 
component, and the carbon nanofiber has an average 
diameter of 20 to 500 nm, the length of not less than 
1,000 nm, and an aspect ratio of not less than 10. 
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[ 0 0 2 4 ] 

n m ~ 5 0 0 n m <D ?®m ft (D WW * * - X > ft H Z Z & IC ft ± Z 2 T> & 2> 0 

tt»fcLT«Fe3S«f&5fc, RttWfctt* F e - N i & > F e - M n £ , Cu-Ni 

C o - N i , C o - F e & , C o & P , F eil^M g OilHtftf 
If 5 ft S . «jKtt*-Jj?V#»*«Jfi"rS«l[fJ:mfiiai*fliL, jg 14 {t £ -£ £> <, «^>&He 
Stf H 2 *^trrg^A"xs?H»TT'i!iPiR-r§c »c «fe t> S 14 ffc £ ft 3 „ 

[ 0 0 2 5 ] 

H8fc*5ewo*-#>#»*»jfi , r'5«Hfflai« s 2o*^-ro c commmtp 2 o izmm®. 10 

tf«A>6458l*fl!2 1 *^ 5 « l« * ft , 2£ g # 1* 2 lrtWttBrJ£©IBIW*a&W-T2;|fc© 
i±mm 2 6 <fc K> * ¥ K tt « ?»ftS „ tt»tS 2 6, 2 6fC<fcD1±^e>ftfc=gB#f*2 1rt 

ht-^f^f If ^n§„ ft«S 2 6, 2 6"effc«6ftfe^ffltClS»j5fX*««&-rs«fc3 
tC ^ S * 2 1 £D — ?3 <D (HO {C ti . IX«^P2 4tf|lt^5. Ifl^XHTtt, C 
0&t>*H 2 ^r^tyig'&^X^^tfe>tl§o C0Oft*)9ICC 2 H 2 , C 6 H 6 ^>&fflt/>T 
U^o ft 1S 2 6 , 2 6KJ:0ftia6ftfe^«2 7«, tf 6* V-» fc-r- 

^■;l/2 8*"SiRSnT^=5:^:ff?*Wb. =gB#f*2 l©fl&#<0«a5tettfctt^f»«J3J0*2O 
rttC#ti^tfcl^»#X^«fm-r§#7.^tiSP2 9*'i^tt5>ft§o £F E B2 7F ( 9(Ci&^£ft£ 20 
r-7A2 8(i5!(UU&3 iO±fe:«H*ftT, gSMJUFrtlciRS, 88 tfj rT &g £ IS e> ft 

So 

[ 0 0 2 6 ] 

■f- — 7 ;U 2 8K«8!ft5fc<Dj>ftJg|3 2 2: « fc f£ , ^co-r-^;l/2 8 # Be Hi L 3 1 © ± fC «c 
■&TJ»*aaHF2 0$T?*i2SL, ^g*i*2 1cO^H2 7P , 9(Ci|Xlfl-r§o ISC » # X 

^A'X«S&P2 4A^«^L > mmW 2 2 , 2 2 IC«t DiDit^o St»^f^O«l&««0 
. 2 L / m i n ~ 1 OL/mi n, An f& r& J3£ « 5 0 0 °C ~ 7 0 0 °C ^ 5£ £ ft § „ M £1 # 
X % m «& L * # & An J» U , lWfW~l 0^fBB«^U-C45<ilfcKi«J:?). felj«3 2^^LT 

*-*yt;7r-f/<i 3So*i?«sifti 7*^n^ft#tyjg-&!)%3 3*'«^s-rSo 

f &nftA-#yt/7r^/n astftf^illfti 7£#tyrl£-^3 3 ic tt m m 3 2 30 

#-&SftTVS©T», i)!ll)P2 Ortcfc'3^-^';l/2 8^«SmLTf#P.ftfc:ig^^3 3 

i& m l . c © ?i -a- 3 3 £ , «k % 7y»ssoiitt}s«EKaai$-ii:T, U^Vn 3 3 \c 

tSn5ll3 2^iJt5„ * 33 , )H!«3 2^ii^'!|%3 3^tC-g-$-a:fcSS, 
[ 0 0 2 7 ] 

*^"»6ftfc*-#>*t»**«»« + t«'*LT»*JS**il«^-*. ^ ^ T* , *n 
v ft if - U 7 s ^ (PVdF) ^OJg*ffJ*»«(flc*»L, i|g#2ycDr§Mfll!-r3o * 

[ 0 0 2 8 ] 

H9tC7^-r<fed{C, IIllft3 7l(CtIgill3 8*Jg^LT»&ftfe*«W£Om 

i4 * 7k fl? m imiii. 3L?-vy v (EC) ij>ifi/y*-**- 

h (dec) zm-smm ( a -a m m it 1 : 1) taaiasRifty^^A^it^/yy 

h;l/}S#S-&fc*><D] 5r^tJl«8l3 9 i:, jOEffijfctt#3 4±K:fS*»K IE H £1 & l>* 
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jEmftmnm 3 6 ntz mm 3 5 1 ttmm? z c t tc £ 0 , v ^ ^ l.^ ^ ymm^ 

m & n § o $ fc * f£ <o ft s i: , ,fuxf + F^^g 77ft^-Ufyl?)ti^* 

*sl«Uv-W»JlJifc, IEffi&*{*±K:li!i*»h !E«WfiRt?»«l&aiJ^63B:*iEffi^7 
F * * - 7 U - FSCioTHIilKjir4C i: tc J; 9JBiasnfcIElSi:*«Ji-r 
3 c £ tc £ 9 > U ^ -7 A # 'J v - « H6 # ?> n S 0 c©«fc5fc:H3ft£*ifc'J^*i»'f*> 
SI^'jf^AI'Jy-iifii, if^yr>f b mtf&Siffim Z nx Mfc? tifz * - X > 

- m m ± o * # 5 o 10 

[ 0 0 2 9 ] 

mm mi 

$uc*mm<Dnmm*i£mm 1 1 *> tc p l < mm? 5 „ 

< SH ffiS 04 1 > 

(1) *-sK>#»OHJi 

$fc ?\ ¥-t%m.&0 . 1 /xmOF e-N i t L . C H e SO" H 2 t? 

fi^-^fx»H«T-e*ps»LTiStt^«*fc„ ^ v» t* m m it s -e m & % -r - r * ± k « •£ 

, -r-7";l/^r^5Q.a*PrttciR^L^:o #tc. gS^g*FF*j;&5 5 0't:~6 3 0 t 'C©iSjKKjta 

^: X ^ [el tff «fc OSJ^Lfcfcc:^ A - # > t 7 7 7 /^tfg? tif tl t 

&8^»©^777'f h^¥®oa«KPHd o o 2 « 0. 3 3 6 2 nmt'36of;„ 
[ 0 0 3 0 ] 

( 2 ) Mm (fl*ffl«) ©f^« 

±ffi*-si?>#»*n-^f;n;ny F > * # ffc L T # fifc ^ r& % M L ft 0 & ^ T? *5 * 

: ?fcissi9i«f«i**-jj?^#»ofPj#*Moaa%, m « ? <d iu # 7 5 m % . «s 

mm<D%l&tf 1 5 fi S % CD »J 3 J; 5 *g L , n-;l^;l/3|:cD?g-g-g§7:-*g-&l<Tft 

nf n 1 c m x l cmxo. 1 cm©IE7?J£&JS*8tf<9ft;|ijfi«f*:<DiS5fl5U::3 — ^f — tc«fc 
&8&*&, ^iLTlg (fffflS) *fls«Lfc 0 ft S ft « {* IC It * v is =l « J£ j& 2 n 
?5 % ffl t/^ fc o 
[ 0 0 3 1 ] 

< n m 2 > 

^777-f HfiBOilBHdo o 2 * s 0. 3 3 7 5 n m OA V t / 7 7 ^ A&O 1 

< mm m 3 > 

^777^ h«f ffiOSjllBHd o 0 z W 0 . 3 3 8 5 n m O* t / 7 7 Y^Stf 

tt?«»*(***ti ; € f n'&tys^-«i** — l r ffl i> rc ja 9\ it n m m i t ra * tc 

L T ft @ ( fls ffl « ) * ft K L fc „ 
[ 0 0 3 2 ] 

< H S£ fiflj 4 > 

A-*>tt8O|j§$2 0iiK, *S^M3K^O*iJ^%6 0fi«%, ^a^JcOfiJ-&^2 0 
U%i:lftJ!(nttll*MUnitcLTlli ( ft ffl IS ) £ ft §y L fc <> 

< n m m 5 > 50 
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^777^h«!fffiiOliFIIdo o 2 # 0 . 3 3 7 5 n m 5) * ->f > t / 7 7 ^Stf 

< n % fiaj 6 > 

7*777^ h^Tffi^^SFBTPSdo 0 2 #0. 3 3 8 5 n nKDA-IVt / 7 7 -< 

iTti (ftfflSS) *ffHUft„ 
[ 0 0 3 3 ] 

< H SS 0!l 7 > 

7-< hi¥S^)lIPIB d o 0 2 « 0 . 3 3 6 5 nmffe?ft 0 H <D A — > -f- S 7 T *f 

H3«K:bTftti (ftffi«s) *ftS¥Lfc 0 
[ 0 0 3 4 ] 

< fg SS 0U 8 > 

^777^C h«¥ffiOi!fflid 0 0 2 # 0 . 3 3 7 9 n m<7)A-*yt/77l'AStf 

ft @ ( ft ) ^ ft K L fc „ 20 

< in as 0u 9 > 

^777-1" hi¥ffi©i!P^id o 0 2 *^ 0. 3 3 8 8 n m(?)ii-#>t/77^^Slf 

ft® (ft fflffi) *ft« b fc 0 
[ 0 0 3 5 ] 

< #J 1 0 > 

*-*ytfs«!)«&*2oii%, ««sie ; ?o#j-&*6oa«%, *S#^JCDfija-^2 0 
M«%fcLfcttnttH«i«l7tn«»i:bTft« ( ft ffi ffi ) * ft H b fc . 

< m m m 1 1 > 

^777^ bfflf ffiOilSid o 0 2 * s 0. 3 3 7 9 n mO A-*>t / 7 7 ^^Rtf 30 

m?wmmte* ; tti i eti^tsm'&vo*MMtfmt m^it&Ln&nmm 1 o n m m. ic l 

tli (ftfflS) *ft« L fc. 

< H M #J 1 2 > 

^577^ h«¥iS©iIF^id 0 0 2 # 0 . 3 3 8 8 n m©*-*y t / 7 7-f MStf 

x ft m ( ft ffl « ) £ ^ ci b rc o 

[ 0 0 3 6 ] 

< it «t 0>J l > 

ffi ) * ft « L fc o 40 

< it & {ffl 2 > 

T-b5 L U>7*^-y^^^-*>«^ilbTfflt,^fcJ^^{i||Jtiffij4 k^atbTti ( ft ffl 
S) ^ftULfco 
[ 0 0 3 7 ] 

11 0 k Tjk ? * 7 tc , n fie p 1 ~ 1 2 , j±«0yiatf2T*n j enfti!ibfcftS4 1 (ft 

ffl m ) *JlS8*t^^mi8l5 1 fc: IK tttt fc » 1(4, 3885 2tc£fi¥tt5 

3 (3£»ia*^«JSjl8fi:}S^bfcfeeD) Br S £ ft . ± Ifi ft @ 4 i*^iE«4 2& tf*JKa 

4 3kfct>»C*jW»5 3»Ci8*n, S ^ ft H 4 1 ( ft m m ) , IE H 4 2 ( *fffi ) R # 

814 3 # # X > * X * <y h 5 4 ( # 7" 3 - * ) IC ^ tl ? ft * « « icmMZ ft fc H§ 50 
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iZlt&m V =f-7 A«rfflt/>fco C®«B*ffi^T3feJ**tf-i'*;]/ttift£fTi^ # ft «i ffl 
S ) ^ M & itf 3* M ■ £ iJW £ L o * ft * fg$<SfSitt5 OmA/g(CT, ffi ¥ 
»f§lB2 0 OmA/gfcTf nfni^%ffl<\ SiJ^ffiJEIi5H^OV~3. 0 V t I 
fc„ &ft. 8Iliftt81/ (A-*Vttflll + liSS?#^li) iD»llll/ft. 

mmm\ ~ \ 2, jtWEfiui&^zosaofflueiga^Erssiic^ti^n^-r. & ft , * 1 * 
£dcnf (p) £izm&L<Dspmw?7 7 r ^ hmzmmLxmatz r << hmw 

Mfo*=t n=en^tsu^m^, cnf (t) ti&m&.<DWiW.7 ?7 r ^ mh * mh& r « k 10 

[ 0 0 3 8 ] 

i& i ] 
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CNF (T) 
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2068 
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ti 
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2020 
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[ 0 0 3 9 ] 

r v ? * * — tf>ttnicm^rctt%tm i Rzf 2 -eii, 1 o +>- -< * n, m t %> w- 40 

ic ft » z m m m & m k o ^ t t, fg t # * l ^ *s m t & ^ & 0 ctucMLx^^mtommn 
®.=?- 1 ttic^-^v^- y 7 7 << ^zm^tzmmm 1 ~ 1 2 r- « 1 0 -9- * & m ic ft t* s 
gams*, s*tt«Wf§*it«f*tt.u: j E-n j en^«fc«f«**^Lr*o, -fr^r* 

mmm*x?:ti?n*\k®.-r z> £ , mmmn^<D^mw\^^m^mmm 1 ~ 3 , n«7 

~9©7jtf£*fffl-&©«V''£«B0lj4~6, ^1 0>J 1 0~1 2ttt^Tlt^^;HO^I 
i* V» Jg £ ftt li 6 n o $ fc C N F ( P ) £ ffl ^ fc H S£ 00 1 ~ 6 <D fj % CNF ( T ) £ 
m^fcnmM 7 ~ 1 2 £ Q t> 1 V -< Z foB<D&m&& < > CNF (P)^Uf-^AcD©^ 
. {C * t < 18 L T l/> & C i: fij 3 o flilCNF (T) * m ^fc M M M 7 ~ 1 2 <D ^ 50 
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mmmnm 1 1 k , k ^ » « t * o , cnf en tf-mmw.&ic±% <m*3-LT^zn t 

[ 0 0 4 0 ] 
[ fS W <D 9h ] 

W ± *E < fc «fc 9 „ * f§ m <D $k m *f n (* , Si, G e , Mg, S n , Pb, Ag, A U 
Zn, C cK S b, B i, In, C a , Fe> N i , C oRtfM n ^ 5 ^ § i J; 0 Kf n 

rep* < t i moTzmz&tsmmmffi.? t , ±>-#ymntttt:fr, *^ * 

- tf^yT'r-l' A A-*>t/7W^l 3*i20nm~ 5 0 0 nmO 

¥ ±3 iS S £ , 1 OOOnmttiiOfiJL 1 0UiO7X^^ htt^WtS, 10 

So 

[Hi] * 58 «PJ<Dfc Willi?*: *-#>»»*&«S ! tolt' : l : 'te8s*n L ft i: % <Dmmn®.? 20 
[02] *«BO*-«ytt8©i)S»T65y77r'C b m&7 7 '*micM L ? mm 

[03] ^777^ hiiiaicuf 7A^*y^SA, »i»rssjs*^-r«siao 

[04] R2\ctt& + &m<omm*m-r ztj-tfisi- s 7 r * >icom&,B 0 

[05] *jiwo*-*j'ttflo±)a»7S5a»oii«y777'C h« * pi ^ n « k 

o^«^77'T^«i¥fTli:ElLT^fiKLfc*-3j<yt7 77'r^©iii:0o 
[06] I5CA- #>-^77'r-r>'^©««75'(pJ^r^-r0o 
[07] H2©*-#yt/7 7^^fcli?tt»*«:%it«aB. 

[08] *5gf|OA-^>t/7 7^M*ff|!t5ii8H^i9»fBi«fi8i, 30 

[09] *&m(ov *7 * >mm<Dmmfr*™-?&ftmmmf&®<, 

[01 o] *mmRU)ttom<Dv *v 2*-&*famn.mmtott<DiEt!L**r * * frumtcm 

[0ii] ^*©^a«iia?c»^^ft^®^Ktp izmtn L fc £ tr ©fttastt? <Dtt«l^3g 

[01 2] m*<DM&n®.? tmm%ttm*n.mmwm*temtoLrc t % <Dmmm.m.?<D 
ii jRaKift^ 

i 2 * — # y W H 40 

13 77 — Jl? > 7" J 7 7 4 

14 II«^777^M 
16 ffiVi?7 7 7 J bffl 

1 7 *i ? # ?1 jfe ft 
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